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Abstract
The Higgs boson production through electromagnetic process in the exclusive p–p and Pb–Pb ultra-
peripheral collisions is calculated. According to the condition of conference, the equivalent photon approx-
imation formulation is used, and the limitations of the variables in the calculations are obtained. Three kinds 
of the equivalent photon spectrums are considered: the plane wave form, the approximate plane wave forms 
of Dress et al., and the semi-classical form. For comparison, the gluon–gluon fusion and intrinsic heavy 
flavors contributions are presented. The numerical results show that, the plane wave photon spectrum with 
correct limitations of the variables provides more reasonable results for the exclusive p + p → p + p +H
and Pb+Pb → Pb+Pb+H processes, and the electromagnetic process provides meaningful contributions 
for the exclusive Higgs production in ultra-peripheral collisions.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction
Ultra-peripheral collisions (UPCs) [1–4] are such reactions that two ions do not interact di-
rectly with each other but interact via their photons cloud. Based on the method of Fermi [5], 
Weizsäcker [6] and Williams [7], the moving electromagnetic fields of charged particles can be 
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432 J.-Q. Zhu et al. / Nuclear Physics B 900 (2015) 431–445Fig. 1. An illustration for the exclusive Higgs boson production in UPCs, where pi (i = 1, 2) is the colliding nucleus 
momentum, p′
i
is the scattered nucleus momentum, qi = pi − p′i is the virtual photon momentum, k is the Higgs boson 
momentum.
treated as a flux of virtual photons. In an ultra-relativistic ion collider, these photons can interact 
with target nucleus in the opposing beam (photoproduction) or with the photons of the opposing 
beam (two-photon reactions). At the Large Hadron Collider (LHC) energies, the intense heavy-
ion beams represent a prolific source of quasi-real photons, hence it enables extensive studies of 
UPCs physics.
Since a Higgs boson was discovered at LHC in 2012 [8] and examined in 2013 [9], it spurs 
greater interest for further detailed studies of its properties, both in theory and experiment. In this 
paper, we investigate the production of the Standard Model Higgs boson (H) through two-photon 
reactions in p–p and Pb–Pb UPCs. Particularly, we are interested in the exclusive p + p →
p + p + H and Pb + Pb → Pb + Pb + H processes which the colliding nuclei are intact and 
even non-excited. For these reactions, the coherence condition [1,10] limits the virtuality of the 
photons to very low values, and therefore the Weizsäcker–Williams approach or the equivalent 
photon approximation formulation can be used to study this topic.
In the next section, we clarify the reasonable of the equivalent photon approximation formu-
lation in the study of the exclusive p+p → p+p+H and Pb+Pb → Pb+Pb+H processes. 
According to the coherence condition, we obtain the kinematic limits of the variables in our cal-
culation. Section 3 presents three kinds of the photon spectrum functions: the plane wave form, 
the approximate plane wave form, and the semi-classical impact parameter form. The differences 
among these photon spectrums are discussed. In Section 4, the cross section of γ + γ → H , de-
scribed by the so-called transition form factor, is introduced, and the numerical results for the 
total cross sections of p + p → p + p + H and Pb + Pb → Pb + Pb + H are presented. In 
Section 5, we compare our results with the diffractive Higgs productions from the gluon–gluon 
fusion and intrinsic heavy flavors in p–p ultra-peripheral collisions. In Section 6 we summarize 
our work.
2. Formulation of the exclusive UPCs
The cross section for exclusive Higgs boson production in UPCs through electromagnetic 
process (see Fig. 1) can be expressed as follows [11]:
dσ = (4πα)
2
4Q21Q
2
2
√
(p1p2)
2 −m21m22
ρ
μμ′
1 ρ
νv′
2 M
∗
μ′ν′MμνdPS3(p1,p2;p′1,p′2, k), (1)
where
dPS3(p1,p2;p′1,p′2, k) = (2π)4δ4(q1 + q2 − k)
d3p′1
3
d3p′2
3
d3k
3 , (2)(2π) 2E1 (2π) 2E2 (2π) 2k0
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s = (p1 + p2)2, √s = 2E is the total c.m.s. energy, p′i is the scattered nucleus momentum, 
Ei = p′ 0i is the scattered nucleus energy, m2i = p2i = p′ 2i = m2A, qi = pi − p′i is the virtual 
photon momentum, q2i = −Q2i < 0, k is the Higgs boson momentum. For convenient, we define 
yi = ωi/E, where ωi = E −Ei in c.m.s. The generalized density-matrix of a virtual photon with 
non-polarized initial and final nuclei is
ρ
μν
i = 2miWμνi
= −
(
gμν − q
μ
i q
ν
i
Q2i
)
Ci(Q
2
i )+
(2pi − qi)μ(2pi − qi)ν
Q2i
Di(Q
2
i ), (3)
where
C(Q2) = 2mAW1,
D(Q2) = νW2 = Q
2
2mA
W2. (4)
The minimum value of Q2i is
Q2i min =
ω2i
γ 2L (1 −ωi/E)
= y
2
i
1 − yi m
2
A, (5)
where γL is the Lorentz boost of a single beam which has a simple form in colliding nuclei c.m.s.
γL = E
mA
. (6)
In the exclusive p + p → p + p + H and Pb + Pb → Pb + Pb + H reactions, the nuclei are 
intact and non-excited after scattering, which means the wavelength of the photon is larger than 
the size of the nucleus, and all the charged constituents inside the nucleus should act coherently. 
The condition for coherence, which limits the virtuality Q2 of the photon to very low value, can 
be expressed as [1,10]
Q2 ≤ 1
R2A
, (7)
where the size of the nucleus is
RA = A1/31.2 fm. (8)
Therefore, we get the maximum value for Q2
Q2i max = Q2max = A−2/30.027 GeV2. (9)
Since Q2i min <Q
2
i max, the maximum value of yi can be obtained as
yi max = ymax =
√√√√1
4
(
Q2max
m2A
)2
+ Q
2
max
m2A
− 1
2
Q2max
m2A
. (10)
From Eq. (9) and Eq. (10), we have
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ymax|p = 0.160,
Q2max|p = 0.027 GeV2. (11)
For Pb–Pb UPCs,
ymax|Pb206 = 1.423 × 10−4,
Q2max|Pb206 = 7.655 × 10−4 GeV2. (12)
The total c.m.s. energy for γ ∗ + γ ∗ → H is defined as
sˆ = (q1 + q2)2 = m2H . (13)
Since Q2max  sˆ, sˆ ≈ y1y2s, and
yi min = m
2
H
ymaxs
. (14)
On the other hand, according to yi min < yi max, the minimum value of 
√
s for the exclusive UPCs 
can be obtained as
√
s|min = mH
ymax
, (15)
where
√
s|p min = 788 GeV for p–p UPCs,√
sNN |Pb206 min = 4350 GeV for Pb–Pb UPCs. (16)
Finally, because of the very low value of Q2i , the equivalent photon approximation (EPA) 
[11–13] can be used for the exclusive p + p → p + p + H and Pb + Pb → Pb + Pb + H
reactions, and Eq. (1) can be rewritten (with azimuthal averaging) as
dσ = σγγ dn1dn2, (17)
where σγγ is the sub-cross section for the γ + γ → H that the photons are on mass shell. The 
expression in Eq. (17) is the essence of the EPA for the two-photon production, where dni is the 
number of equivalent photons, or the photon spectrum.
3. The photon spectrum
For the exclusive electromagnetic processes where the nucleus is intact after the emission of 
photon, there are some different photon spectrum forms in the literatures [14–22]. In this paper, 
we will consider three of them and compare their results for the Higgs-boson production in p–p 
and Pb–Pb UPCs.
3.1. The plane wave form
The plane wave form of the photon spectrum can be obtained directly from Eqs. (1)–(2). By 
using
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d3p′2
E2
= π
2s
(p1p2)2 −m21m22
dQ21dQ
2
2dω1dω2, (18)
and define
Rμν = −gμν + (q1q2)(q
μ
1 q
ν
2 + qμ2 qν1 )− q21qμ2 qν2 − q22qμ1 qν1
(q1q2)2 − q21q22
,
ρ++i =
1
2
Rμνρ
μν
i , (19)
the EPA spectrum in Eq. (17) can be presented as
dni = α2π ρ
++
i
ωidωidQ
2
i
E2Q2i
= α
π
dωi
ωi
dQ2i
Q2i
[(
1 − ωi
E
)(
1 − Q
2
i min
Q2i
)
Di(Q
2
i )+
ω2i
2E2
Ci(Q
2
i )
]
= α
π
dyi
yi
dQ2i
Q2i
[
(1 − yi)
(
1 − Q
2
i min
Q2i
)
Di(Q
2
i )+
1
2
y2i Ci(Q
2
i )
]
. (20)
The thorough discussion can be found in Ref. [11]. For the p–p case, Ci and Di , associated with 
the form factors, can be expressed as
C(Q2)p = μ2pG2E(Q2),
D(Q2)p =
4m2p +μ2pQ2
4m2p + Q2
G2E(Q
2). (21)
In the consideration region of Q2, GE can be parametrized precisely by the dipole form
GE(Q
2) = GD(Q2) =
(
1 + Q
2
0.71 GeV2
)−2
. (22)
For the Pb–Pb case, since ωi  E (yi max  1, see Eq. (11) and Eq. (12)), the coefficient in front 
of Ci is small which is neglected in our calculation, and D(Q2)Pb can be presented as
D(Q2)Pb = Z2F(Q2)2Pb. (23)
The charge form factor F(Q2) is the Fourier transform of the charge density ρ of the nucleus,
F(Q2) = π
4
∞∫
0
rρ(r) sin(qr)dr, (24)
where ρ is parametrized by the two-parameter Fermi (2pF) model [23]:
ρ(r)
2pF
Pb206 =
ρ0
1 + exp
(
r−6.61 fm
0.545 fm
) , (25)
and by treating the proton as a point-like particle for Pb, we have
ρ0 = 0.08 proton/fm3. (26)
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F(Q2)2Pb ≈ exp
(
−Q
2
Q20
)
(27)
in the region of Q ≤ 120 MeV, where Q0 = 55–60 MeV. The comparisons of the different Q0
choices with the “exact” result inferred from Eq. (24) and Eq. (25) directly can be found in [17]. 
In this paper, we chose Q0 = 60 MeV since ymax|Pb206 ≈ 10−4.
3.2. The approximate plane wave form
For many cases, an approximation of the plane wave photon spectrum form is quite reasonable 
and is useful for estimates. In Ref. [18], Drees and Zeppenfeld provided a useful approximate 
analytic expression of Eq. (20), which is widely used in the literatures. By setting
C(Q2)p ≈ D(Q2)p ≈ G2E(Q2),
Q2i −Q2i min ≈ Q2i , (28)
and integrating Q2i from Q
2
i min to Q
2
i max = ∞, Eq. (20) becomes
dni |D.Zp
dyi
= α
πyi
∞∫
Q2i min
dQ2i
Q2i
[
(1 − yi)
(
1 − Q
2
i min
Q2i
)
Di(Q
2
i )+
1
2
y2i Ci(Q
2
i )
]
= α
π
1 − yi + 12y2i
yi
∞∫
Q2i min
dQ2i
Q2i
G2E(Q
2)
= α
2π
1 + (1 − yi)2
yi
[
lnA − 11
6
+ 3
A
− 3
2A2
+ 1
3A2
]
, (29)
where
A = 1 + 0.71 GeV
2
Q2min
. (30)
It can be seen that, the important characteristic of Eq. (29) is that the maximum value of Q2i is 
chosen as ∞, which means yi max = 1 (see Eq. (10)), and √s|min in Eq. (15) tends to mH . These 
will be the possible error source when Eq. (29) is used to the calculation of p+p → p+p+H .
A similar result for Pb206 is calculated by Dress, Ellis and Zeppenfeld in Ref. [17] by using 
the form factor in Eq. (27):
dni |D.E.ZPb206
dyi
= α
π
[
−exp
(−Q2i min/Q20)
yi
+
(
1
yi
+ m
2
i
Q20
yi
)


(
0,Q2i min/Q
2
0
)]
, (31)
where the incomplete Gamma Function

 (a, z) =
∞∫
z
ta−1e−t dt. (32)
Again, Q2 = ∞, yi max = 1 and √s|min = mH .i max
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Another most important approach for the photon spectrum is the semiclassical impact pa-
rameter description, which excludes the hadronic interaction easily. The calculation of the semi-
classical photon spectrum for the case of E1 (electric dipole) excitations is explained in Ref. [24]
and the result is
dni |s.c.E1 =
2Z2α
π
( c
υ
)2 dωi
ωi
[
ξK0K1 + ξ
2
2
(υ
c
)2 (
K20 − K21
)]
, (33)
where υ is the velocity of the point charge Ze, K0(x) and K1(x) are the modified Bessel func-
tions,
ξ = ωibmin
γLυ
= bminmA
υ
yi. (34)
bmin = R1 + R2 for the UPCs. In this paper, we use bmin = 2Rp for the p–p case and 2RPb for 
the Pb–Pb case.
Since γL 
 1 in p–p and Pb–Pb UPCs in LHC, the inclusion of other multipolarities of ex-
citation is also important. The most important two are the magnetic dipole M1 and the electric 
quadrupole E2 cases which can be found in Refs. [14–16]
dni |s.c.E2 =
2Z2α
π
( c
υ
)4 dωi
ωi
[
2
(
1 − υ
2
c2
)
K21 + ξ
(
2 − υ
2
c2
)2
K0K1
+ ξ
2
2
(υ
c
)4 (
K20 − K21
)]
, (35)
dni |s.c.M1 =
2Z2α
π
dωi
ωi
[
ξK0K1 + ξ
2
2
(
K20 −K21
)]
. (36)
It can be seen that, since υ ≈ 1 in ultra-relativistic UPCs,
dni |s.c. = dni |s.c.E1 + dni |s.c.E2 + dni |s.c.M1
= 3dni |s.c.E1
= 6Z
2α
π
dωi
ωi
[
ξK0K1 + ξ
2
2
(
K20 −K21
)]
. (37)
Although the semi-classical photon spectrum is Q2-independent, the limitations of its variable y
are also the same as Eq. (11) and Eq. (12) due to the coherence condition.
4. Numerical results and discussions for the electromagnetic process
The Higgs boson production through the reaction γ ∗+γ → H (see Fig. 2) was investigated by 
Gabrielli, Ilyin and Mele [25,26], and the recent works [27,28] have confirmed their computation. 
For the exclusive p+p → p+p+H and Pb+Pb → Pb+Pb+H cases, only the amplitude that 
the photons are on mass shell is needed in the EPA formulation. The cross section for γ +γ → H
expressed by the “transition form factor” can be found in Ref. [27]. In this formulation, σγγ in 
Eq. (17) can be expressed as
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σγγ =
(
M∗μνMμν
)
Q2=0
(2π)4δ4(q1 + q2 − k)
4
√
(p1p2)
2 −m21m22
d3k
(2π)32k0
, (38)
where
Mμν = ge
2
(4π)2mW
(
gμνq1 · q2 − qμ2 qμ1
)
Ftotal, (39)
e = √4παem and g =
√
8GFm2W/
√
2 are the electromagnetic and weak gauge couplings, re-
spectively, mW is the W boson mass, and GF is the Fermi coupling constant. The transition form 
factor Ftotal is defined as:
Ftotal =
∑
f
Nce
2
f F1/2 + F1, (40)
where F1/2 and F1 are contributions from fermion loops and W boson loops (Fig. 2), respectively. 
Since F1/2 is proportions to the fermion mass squared m2f , the contributions from leptons and 
light-flavor quarks are negligibly small compared to the top quark. Therefore only the top quark 
loop contribution is considered in this paper. Taking Q2 → 0, one can obtain
F1/2|Q2=0 = −2τt
[
1 + (1 − τt )sin−2
√
1
τt
]
,
F1|Q2=0 = 2 + 3τW + 3τW (2 − τW )sin−2
√
1
τW
, (41)
where
τt = 4m
2
t
m2H
, τW = 4m
2
W
m2H
. (42)
By using
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1
2k0
=
∫
dk0δ(k
2 −m2H )θ(k20), (43)
we get
σγγ = πS21 |Q2=0δ(sˆ −m2H ). (44)
Inserting Eq. (44) into Eq. (17), the numerical results for exclusive p + p → p + p + H
and Pb + Pb → Pb + Pb + H processes are illustrated in Fig. 3 and Fig. 4. Both of the two 
processes we compare calculations of the four different equivalent photon spectrums, where the 
mass parameters and the coupling constants are chosen as [29]
mW = 80.385 GeV, mt = 173.21 GeV, mH = 125.7 GeV,
mp = 0.938 GeV, GF = 1.166 × 10−5 GeV2. (45)
The solid lines present the results of the plane wave form in Eq. (20), the dash lines indicate 
the contributions of the approximate plane wave form in Eq. (29) for p–p UPCs (D.Z.) and 
Eq. (31) for Pb–Pb UPCs (D.E.Z.), the dot lines illustrate the data of the electric dipole excitations 
of semi-classical photon spectrum in Eq. (33) (s.c.E1), and the dash dot lines present the total 
results of E1, E2 and M1 semi-classical photon spectrum in Eq. (37) (s.c.Total). Both of the 
two semi-classical ones above are calculated with the same limitations of the variables (ymin
and ymax). For comparison, we also calculate the semi-classical photon spectrums with ymax = 1
(corresponding to the choice of Q2max = ∞): the electric dipole excitation ones are denoted by 
the dash dot dot lines (s.c.E1 with ymax = 1), and the total ones are illustrated by the short dash 
lines (s.c.Total with ymax = 1). It can be seen that,
1. Eq. (20) provides negative values in the √s region smaller than √s|min (see Eq. (16)), 
while the approximate plane wave ones are always positive when 
√
s is larger than mH . These 
differences can also be seen for the semi-classical ones with different ymax choices. The semi-
classical forms with correct ymax (s.c.E1 and s.c.Total) doesn’t have meaningful results when √
s <
√
s|min, while the ones with ymax = 1 are always positive when √s is larger than mH . 
This means that, when 
√
s <
√
s|min, the approximate plane wave photon spectrums (Dress–
Zeppenfeld in Eq. (29) and Dress–Ellis–Zeppenfeld in Eq. (31)) and the semi-classical ones with 
incorrect ymax will provide erroneous results for the exclusive Higgs boson production in p–p 
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and Pb–Pb UPCs. The reason is that, although the photon spectrums decrease rapidly with the 
increasing Q2, incorrect Q2max value will cause incorrect threshold of 
√
s.
2. In the region of 
√
s >
√
s|min, the differences between the two ymax choices of the semi-
classical results become so small. The contributions of Eq. (20) are somewhat higher than the 
semi-classical E1 results but lower than the other cases (for Pb–Pb UPCs in the LHC region 
that √sNN ≤ 5.5 TeV, the semi-classical E1 photon spectrum provides higher contributions than 
the ones of Eq. (20)). The approximate plane wave results (Dress–Zeppenfeld and Dress–Ellis–
Zeppenfeld) are higher than the others for the small √s, and become smaller than the total results 
of E1, E2 and M2 semi-classical photon spectrum at large 
√
s. From Fig. 3 and Fig. 4 we can see 
that, although the differences among them will become small at sufficient large 
√
s, the results 
of the approximate plane wave photon spectrums are about an order of magnitude larger than 
the ones of the plane wave form and the semi-classical E1 form in the present experimental 
√
s
region.
5. Comparisons with the productions from gluon–gluon fusion and intrinsic heavy flavors
In the literatures, two important mechanisms for the Higgs production in the exclusive reac-
tion p + p → H are developed: the gluon–gluon fusion process and the intrinsic heavy flavors 
contribution. In this section, we compare the electromagnetic result with these two mechanisms.
The gluon–gluon fusion process is illustrated in Fig. 5, where two hard gluons couple to 
the Higgs (gg → H ), and a third gluon is also exchanged in order that both protons remain 
color singlet. The most quoted and first calculation for this process is done in the Khoze, Martin 
and Ryskin (KMR) model [30]. Another useful approach is developed by Cudell, Dechambre, 
Hernández and Ivanov [31], which is similar to the KMR model but differs in the implementation 
and details. In this paper, we use the KMR model for the discussion.
In the KMR model, the cross section is assumed to factorize between the effective luminosity 
L and the hard subprocess σˆ [32]
σgg = L× σˆ excl (gg → H)
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=
∫
dy
∫
dM2
∂L
∂y∂M2
σˆ excl (gg → H) , (46)
where the hard subprocess cross section is
σˆ excl
(
ggPP → H )≈ δ
(
1 − M
2
m2H
)
1.1 pb, (47)
and the luminosity has the form
∂L
∂y∂M2
= M−2Sˆ2L, (48)
where the “soft” survival factor Sˆ2 can be found in Ref. [33]. To single log accuracy, we have
L =
[
π
8b
∫
dQ2t
Q4t
fg
(
x1, x
′
1,Q
2
t ,μ
2
)
fg
(
x2, x
′
2,Q
2
t ,μ
2
)]2
, (49)
where b is the t-slope corresponding to the momentum transfer distributions of the colliding 
protons and is chosen as 4 GeV−2, Qt is the virtuality of the screening gluon. The qualities 
fg
(
x, x′,Q2t ,μ2
)
is the generalized (skewed) unintegrated gluon density of the proton which 
can be presented as the simplified form
fg
(
x, x′,Q2t ,μ2
)
= Rg ∂
∂ lnQ2t
[√
T (Qt ,μ)xg
(
x,Q2t
)]
, (50)
where g
(
x,Q2t
)
is the conventional integrated gluon density, μ =mH/2 is the hard scale, Rg ≈
1.2, x ≈ mH/√s [34], the Sudakov factor is ( = kt/(μ + kt ))
T (Qt ,μ) = exp
⎛
⎜⎝−
μ2∫
Q2t
αS
(
k2t
)
2π
dk2t
k2t
1−∫
0
[
zPgg(z) +
∑
q
Pqg(z)
]
dz
⎞
⎟⎠ . (51)
The intrinsic heavy flavors mechanism (see Fig. 6) to the exclusive Higgs production in p–p 
UPCs is based on the assumption of the presence of intrinsic heavy quark (IQ) fluctuations in the 
proton bound state. The detailed discussion about this mechanism can be found in Ref. [35]. The 
cross section for intrinsic charm contribution is
σ IC = 32
π2
GFPIC
z0
m4c
m4
[
σ
πp
tot (s˜)
]2
B (s˜)
〈
r2
〉 γ 2 (s˜)[
2 + 2γ (s˜)+ γ 2 (s˜)]3
[
1 +
〈
r2ch
〉
p
16
〈
r2
〉 1
γ (s˜)
]2
H ch p ch π
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Fig. 7. The comparisons between the total cross sections of the electromagnetic, gluon–gluon fusion and intrinsic heavy 
flavors contributions for the Higgs exclusive production in p–p UPCs.
×
[
β
√
ω
2mc
+
√
1 − β2 ln
(
mH
2mc
)]2
. (52)
An analogous expression can be used for the intrinsic bottom case. For top quark in the proton,
σ IT = 8
π2
GFPIT
z0
m4t
m4H
[
σ
πp
tot (s˜)
]2
B (s˜)
〈
r2ch
〉
p
γ 2 (s˜)[
2 + 2γ (s˜)+ γ 2 (s˜)]3
[
1 +
〈
r2ch
〉
p
16
〈
r2ch
〉
π
1
γ (s˜)
]2
×
[
1 + 1 − δ
δ
ln (1 − δ)
]2
. (53)
Including the absorptive corrections, the cross sections become
σ˜ IQ = σ IQ
{
1 − 1
π
σ
pp
tot (s˜)
B (s˜)+ 2Bppel (s˜)
+ 1
(4π)2
[
σ
pp
tot (s˜)
]2
B
pp
el (s˜)
[
B (s˜)+ Bppel (s˜)
]
}
. (54)
Parameters in the above equations are chosen as [35,36]
J.-Q. Zhu et al. / Nuclear Physics B 900 (2015) 431–445 443ω = 0.3 GeV, PIC = 0.01, PIQ = PICm
2
c
m2Q
, δ = m
2
H
4m2t
,
s˜ = sz0M
2
0
M2H
, z0 = 0.75, M0 = 1 GeV, s0 = 1000 GeV2,
〈
r2ch
〉
p
= 0.79 fm2,
〈
r2ch
〉
π
= 0.44 fm2,
B (s) = B0 + 2α′P ln
(
s
M20
)
, B0 = 4 GeV−2, α′P = 0.25 GeV−2,
B
pp
el (s) = B0el
(
1 + 0.067 ln
(
s/M20
))
, B0el = 7.5 GeV−2,
γ (s) = R
2
p
4R20 (s)
, R2p =
2
3
〈
r2ch
〉
p
, R20 (s) = 0.88 fm ×
(
s
s0
)−0.14
,
σ
πp
tot (s) = 23.6 mb ×
(
s
s0
)0.08
, σ
pp
tot (s) = 21.8 mb ×
(
s
M20
)0.08
,
and we use mc = 1.275 GeV, mb = 4.18 GeV and mt = 173.5 GeV [29] for the calculations.
The total cross sections of the gluon–gluon fusion (gg) and intrinsic heavy flavors (IQ) contri-
butions to the Higgs exclusive production in p–p UPCs are illustrated in Fig. 7. For comparison, 
we also present the electromagnetic (e.m.) contribution according to Eq. (20). It can be seen that,
1. The gluon–gluon fusion is always larger than the other two mechanisms. Including the 
present theoretical uncertainty for the KMR model (see the discussions in Ref. [37]), contribution 
of the electromagnetic process is comparable with the gluon–gluon fusion in the region of 
√
s >
1000 GeV.
2. The result of gluon–gluon fusion falls fast with the decreasing of 
√
s, and the intrinsic 
heavy flavors mechanism will dominate the exclusive Higgs production in the small 
√
s region.
The dσ/dxF for the different mechanisms as a function of the Higgs xF are also presented. 
The Feynman x, which is defined as xF = x1 − x2, denotes the longitudinal momentum fraction 
carried by the Higgs boson (see Ref. [32], and x2 − x1 is used to denote the longitudinal momen-
tum fraction of the Higgs boson in Ref. [35]). For the electromagnetic process, one can use y1
and y2 as the longitudinal momentum fractions x1 and x2 since Q2 → 0. The numerical results 
for p–p UPCs with 
√
s = 7 TeV and √s = 14 TeV are illustrated in Fig. 8, where the xF > 0
region is considered. It can be seen that,
1. The electromagnetic process dominates the exclusive Higgs boson production in p–p UPCs 
at small xF region. However, due to the limitation of ymax, the electromagnetic process is invalid 
when xF > 0.16. By comparison, the electromagnetic mechanism provides effective results in 
the whole xF region if the approximate plane wave spectrum or the semi-classical form is used 
for the calculation.
2. The gluon–gluon fusion contributions are larger than the ones of intrinsic heavy flavors at 
small xF region. The crossover point of the two mechanism at xF ≈ 0.025 for √s = 7 TeV and 
xF ≈ 0.175 for √s = 14 TeV. The intrinsic heavy flavors mechanism dominates the exclusive 
Higgs boson production in p–p UPCs at large xF region.
444 J.-Q. Zhu et al. / Nuclear Physics B 900 (2015) 431–445Fig. 8. The comparisons between dσ/dxF of the electromagnetic, gluon–gluon fusion and intrinsic heavy flavors contri-
butions for the Higgs exclusive production in p–p UPCs.
6. Conclusion
In this paper, we calculate the Higgs boson production in the exclusive p + p → p + p + H
and Pb + Pb → Pb + Pb + H reactions through electromagnetic process. Since the condition 
of conference restricts the maximum virtuality Q2max of the virtual photon to very low value, the 
Weizsäcker–Williams approach or the equivalent photon approximation formulation can be used 
in the calculations. Three kinds of the equivalent photon spectrums are considered in the present 
work: the plane wave form (see Eq. (20)), the approximate plane wave forms (see Eq. (29) and 
Eq. (31)), and the semi-classical form (see Eq. (33) and Eq. (37)).
Due to the small value of Q2max, the kinematic limits of the variables (ymax, ymin and 
√
s|min) 
can be obtained for the calculations of the plane wave form and the semi-classical form. On 
the other hand, Q2max is chosen as ∞ in the approximate plane wave forms (Dress–Zeppenfeld 
and Dress–Ellis–Zeppenfeld) and the semi-classical ones with ymax = 1, the threshold of √s is 
reduced to mH , which will cause the erroneous results when 
√
s is less than 
√
s|min in Eq. (15). 
In the region of 
√
s >
√
s|min, the contributions of the plane wave forms are somewhat higher 
than the semi-classical E1 results but much lower than the ones of the approximate wave forms 
and the total (E1 + E2 + M2) semi-classical ones. It can be seen that, the plane wave photon 
spectrum in Eq. (20) provides more reasonable results for the exclusive p+p → p+p+H and 
Pb + Pb → Pb + Pb + H processes, and the appropriate limitations of the variables (especially 
Q2max) is important for the computations.
The comparisons between our results with the gluon–gluon fusion and intrinsic heavy flavors 
contributions in p–p ultra-peripheral collisions are also presented. For the total cross sections, 
the electromagnetic process is comparable with the gluon–gluon fusion in the region of 
√
s >
1000 GeV, and the intrinsic heavy flavors mechanism dominate the exclusive Higgs production 
in the small 
√
s region. For the dσ/dxF , the electromagnetic mechanism provides the most 
important contribution when xF < 0.16, and the intrinsic heavy flavors mechanism dominates 
J.-Q. Zhu et al. / Nuclear Physics B 900 (2015) 431–445 445the exclusive Higgs boson production in p–p UPCs at large xF region. The electromagnetic 
process provides meaningful contributions for the exclusive Higgs production in ultra-peripheral 
collisions.
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